Thus, these four cancers accounted for 75-1% of the total number of cases.
THE FIRST study of cancer patterns in African miners on the gold mines in South Africa was that of Berman (1935) covering the period . Primary liver cancer accounted for 84% of all cancers in the mineworkers, bladder cancer accounted for 3-5°% while no cases of oesophageal or lung cancer were reported. In 1964 another survey of cancer prevalence among African miners was started by Oettle and completed to 1968 by Robert- son, Harington and Bradshaw (197 la Thus, these four cancers accounted for 75-1% of the total number of cases.
Brief accounts of the spatial and temporal distribution of primary liver cancer and oesophageal cancer were given by Harington and McGlashan (1973a, b) .
In the present investigation, geographical definition of the patterns of distribution of the four major sites of cancer was sought in the belief that statistically significant gradients, together with changes in the cancer rates in the course of time, could provide a basis for future research programmes directed at aetological implications.
METHOD OF SURVEY AND BASIC DATA (i) Areas of recruitment of the population at risk.-The health problems and environmental background of African workers in the South African gold mines were described by Coetzee (1965) and Geddes (1969a, b) , and Wilson (1972) (Robertson et al., 1971a) . From the outlying recruiting depots, workers are transported to the two main central depots (Johannesburg and Welkom) nearest to the mines in the Transvaal and Orange Free State (Robertson et al., 1971a) .
The areas from which the recruits are drawn are shown in Fig. 1 and the employment for each home area covering the period 1964-71 in TableJ. The African miners are chiefly a migratory labour population who come to the mines in order to supplement their livelihood, based mainly on subsistence farming in widely diverse regions of southern Africa. The period of contract employment is usually 12-18 months for workers from Mozambique and Malawi but shorter contracts are often taken on by workers from the other regions.
Variable intervals are spent at home in between contracts. Regular re-employment on the mines is the pattern of life for the great majority and this results in a labour turnover close to 100% per annum in the whole African mining population (Coetzee, 1965) .
(ii) Medical screening.-Pre-employment examinations are carried out to exclude any- one who is obviously not fit enough for work on the mines (Coetzee, 1965; Geddes, 1969a) 
Problems of diagnosis
Geddes (1972) and Geddes and Falkson (1973) One of the inherent difficulties in studies of the type described here is that it is not possible to determine the age of the miners. In all territories of southern Africa, it is unusual for births of Africans to be registered so that in turn no records of ages of miners are kept by the Chamber of Mines. The only ages available are those of hospital cases and, as explained below, these are at best only crude approximations. The policy of the Chamber is to recruit able-bodied miners within the general age limit of 18 to 40 years. " Novices ", that is, recruits appearing for the first time of work on the mines, are not accepted if obviously under 18. " Re-engagements ", who are men who have already served at least one contract, are accepted even if older than 40 years, provided they are fit for work.
Where the age of a miner is required, this is assessed by a clerk or doctor or by association with some past important event. Errors of at least 10 years are common and the recruit's own estimate is often inaccurate. Recruits may also have reason to under-or over-score their ages.
The use of age-specific incidence rates of the population at risk is therefore out of the question, a not uncommon problem in epidemiological studies of emergent peoples. The only alternative available method, therefore, is the use of crude rates, and this has been done here. The crude rates considered here are possibly similar to the age-specific rates for the age group 25-35. This means that the actual crude cancer rates of the miners cannot be compared with rates derived from the generally older populations at risk who live in the home territories of the miners.
Age at diagnosis of cancer is recorded but again is based upon an estimation only (Table II ).
It appears that the median age of primary liver cancer cases is much lower than that of the other cancer groups, with more than 50% of the cases being under 35 years old. By contrast, over 50% of cancers of the oesophagus and respiratory system occur in miners over 45 years old. Table III t From Doll, Muir and Waterhouse (1970) .
: Unpublished data of Schonland and Bradshaw (1968) .
generally lower than that of the other African groups, with the exception of the Bulawayan urban Africans.
Analytic concepts
In the present analysis, " gradients " of occurrence of cancer (Ambrose, 1969) are examined between territories of higher and lower incidence. As the 11 territories of recruitment ( Fig. 1 ) cover an area of subcontinental dimensions, primary analysis involves a broad scale. Where numbers of cases of a particular cancer site occurring in a single territory are large enough, it is additionally possible to examine for the presence of a cancer gradient of more restricted dimensions. This local scale may then permit geographical, but not age, comparison with cancer data from the resident population.
Two approaches to the definition of disease gradients are possible. The more usual one is to calculate and to compare rates of incidence occurring in the various geographical areas (Armstrong, 1969) . A second means is to ascertain within which areas disease occurs more (or less) often than fluctuations merely by chance from the mean rate would permit (Choynowski, 1959) . Only for these significant spatial deviations may explanation then logically be sought (McGlashan, 1972) . The Poisson distribution can be used to compare the number of cases " observed " against the number that would be "expected" in order to test whether any significant local variation from the overall rate is occurring. This allows the significance of gradients, once these have been defined, to be given confidence limits.
Changes of crude incidence rate through time were also considered for the four cancers.
RESULTS

Spatial analysis
Territorial variations.-The incidence of the 4 major cancers found in African gold miners over the period is shown in Table IV Fig. 1 third came from all other mine recruitment areas taken together. The overall crude rates for the Transkei and the Ciskei were very similar at 14-4 and 14.0/100,000 man-years, and both have a significantly higher number of cases than expected. Mozambique, Lesotho and Malawi have significantly lower numbers of cases than expected. In Natal and the Transvaal, more cases were seen than expected and although this was not statistically significant, it again shows up clearly in Fig. 2 with raised crude rates for these 2 areas. These findings underline the high levels of oesophageal cancer known to obtain in the Transkei (Burrell, 1957; Rose, 1969) and the raised levels in the Natal African (Schonland and Bradshaw, 1968) and in the Johannesburg African (Robertson, Harington and Bradshaw, 1971b; Warwick and Harington, 1973 ).
Cancer of the respiratory system-.This cancer is taken here to include primary and secondary carcinoma of the lung and bronchus (66 cases), carcinoma of the larynx (6 cases), trachea (1 case) and mediastinum (no cases). Together they make up, after cancer of the liver and oesophagus, the third most common site among African mineworkers, with a total of 73 cases. It can be seen from Table IV that the Natal miners' rate (14-7/100,000) is twice as high as that for the next area, the Transvaal (6.9/100,000). Miners recruited in both Xhosa areas, the Ciskei and Transkei, have similar rates (3.7 and 3-81/00,000) of respiratory cancer. The Orange Free State and Malawi miners recorded no respiratory system cancer cases. When these rates are checked against the Poisson distribution, Natal case numbers are shown to be very significantly higher (P > 99%). Transvaal numbers are also higher, but at 9500. Mozambique, and especially Malawi, have significantly fewer cases (see Fig. 2 ). Separating lung cancers from other cancers of the respiratory system, 9 cases in Natal employees in 8 years and 5 in the Transvaal indicate significantly high lung cancer rates for both these areas.
Cancer of the bladder.-This cancer is the fourth most common among the gold miners and of 65 cases reported over the 8-year period, 66% came from Mozambique (Table IV) .
The crude rate in Mozambique (6.1) is more than twice as high as that in the contiguous areas of Transvaal (3.0) and Swaziland (2-3/100,000).
Three neighbouring areas in the south, Transkei, Ciskei and Lesotho, appear together as the group with the lowest bladder cancer rates (Fig. 2) (Fig. 3) .
A survey of hospital populations in southern Mozambique (Purchase and Gonvalves, 1971) gave very similar findings, with higher incidence rates in Panda, Inhambane, Inharrime, Homoine and Zavala and lower rates inland (see Fig. 3 for these localities). This work among the absentee miners from the Transkei has been reinforced by a very similar incidence gradient found among both males and females, separately and together, for confirmed cases of oesophageal cancer in the general resident population of the Transkei itself (Rose and McGlashan, 1975 (von Zeynek, 1973; McGlashan, 1974) . Further recording and statistical analyses should assist the search for local environmental factors injurious to the Xhosa speaking peoples, both north and south of the Kei River.
Temporal changes
It was possible to analyse only temporal data for primary liver cancer and cancer of the oesophagus as the number of cases of the other 2 cancers were too small. For each of these cancers the annual crude rate was calculated for " all miners ", together with that for the territory in which each of the 2 cancers occurred, predominantly that is, Mozam- 
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bique for primary liver cancer and the Transkei and Ciskei for cancer of the oesophagus (Table VII) . Considering primary liver cancer first, regression lines were calculated for both groups to even out chance fluctuations and indicate trends over the past period. The Mozambique miners showed a decline four times that of the " all miners " group. On the assumption that deviations about the line occurred randomly (which may well not be so), theory suggests with a 95% confidence limit that the fall in Mozambique rates was real.
For oesophageal cancer, the Transkei and Ciskei group as well as the " all miners" group showed a slightly falling tendency which, however, was within the range of random fluctuation (Table VII) .
DISCUSSION
The survey described here shows that of 2,926,461 man-years of African miners working on the gold mines of South Africa over the 8-year period 1964-71 inclusive, 1344 cases of cancer were diagnosed (46/100,000 man-years). Of these cases, primary liver cancer formed 52-8%, oesophageal cancer 12-1%, cancer of the respiratory system 5.4% and cancer of the bladder 4.8 %.
The results of the survey confirmed those of earlier ones (Berman, 1935; Robertson et al., 1971a found in the territories of origin of the miners. Thus, almost 70% of the cases of primary liver cancer came from Mozambique, which has the highest known incidence rate for this cancer in the world (Prates and Torres, 1965) . Sixty-seven per cent of the cases of oesophageal cancer came from the contiguous areas of the Transkei and Ciskei, of which certain localities in the former have the second highest recorded rate in the world for oesophageal cancer (Doll, 1969 Gongalves (1971) . At a local scale in the Transkei, significantly higher case numbers of oesophageal cancer were found in the south-west and centre, decreasing to the lowest case numbers in Pondoland in the north-east. This pattern closely resembles the incidence gradient found for males and females in the general resident ?-W-l z I population of the Transkei itself (Rose and McGlashan, 1975) . Another interesting feature is the close similarity of rates for all 4 cancers in both the Transkei and Ciskei, suggesting that these contiguous and ethnically similar areas are under uniform environmental risk.
In view ofthe very uneven geographical distribution of the cancer cases, it seems clear that mining operations have little or nothing to do with the induction of the cancers which appear to exist in an occult form by the time the African reaches the mine. Recruits seem to retain the original effects imposed upon them by their home environment, even to a strictly local scale within their homelands. This suggests that the recruits come into mine employment with the " imprint " of the site of the predominating cancer of their home areas already upon them, even at the comparatively early age at which they are recruited. This could mean that, for these 4 cancers at least, certain environmental risks, such as childhood exposure, diet or other social factors, are causative.
A steep drop in the crude incidence rate of primary liver cancer in mine workers from Mozambique was found from 1964 to 1971. The reason for this is unknown, but does not appear to be due to extraneous factors such as improvement in medical screening, efficiency of diagnosis or any change in recruiting policy. It is possible that some basic change in living conditions may have taken place in the fairly recent past which could have improved the environment as a whole, with particular regard to diet and health. No other significant temporal changes were found in the survey.
The present paper has sought to define spatial and temporal patterns only and has not in any way considered aetiology. The information presented, however, should be a logical starting place for further enquiry regarding the causation of these cancers.
Finally, it is clear that the survey has been predictive both of the cancers prevalent in the areas from which the miners were recruited and also of any changes which have occurred over time. For this reason, it is felt that cancer patterns in the miners should be studied continuously.
